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ABSTRACT 

r 

Flutter  characteristics  of  a  30 -deg  segment  of  the  full-scale  Saturn 
S-IVB  stage  were  obtained  at  Mach  numbers  from  1. 10  to  1.40  for  various 
combinations  of  axial- compressive  loads  and  panel  differential  pressures. 
Flutter  was  encountered  when  sufficient  axial  load  was  applied  to  cither 
partially  or  completely  buckle  the  panels.  No  structural  failure  occurred 
on  any  of  the  panels  during  this  test.  Static-pressure  and  boundary -layer 
surveys  were  made  on  a  rigid  panel  at  tunnel  conditions  comparable  to 
those  of  the  flutter  phase. 
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SECTION  I 
INTRODUCTION 


The  Saturn  S-IVB  Panel  Flutter  test  was  conducted  in  the  Propul¬ 
sion  Wind  Tunnel,  Transonic  {16T)  at  Mach  numbers  from  1.  10  to  1.40. 
The  test  was  divided  into  a  pressure  phase  and  a  flutter  phase. 

The  purpose  of  the  pressure  phase  was  to  determine  the  boundary- 
layer  characteristics  and  static-pressure  distributions  over  a  rigid  panel 
for  use  in  interpreting  the  flutter  results. 

The  objective  of  the  flutter  phase  was  to  determine  the  flutter  char¬ 
acteristics  of  a  full-scale  30 -deg  segment  of  skin  panels  for  various 
combinations  of  panel  axial-compressive  loads  and  internal  cavity  pres¬ 
sures  . 


SECTION  II 
APPARATUS 


2.1  WIND  TUNNEL 

Tunnel  16T  is  a  variable  density  wind  tunnel.  The  test  section  is 
16  ft  square  by  40  ft  long  with  perforated  walls  to  allow  continuous  oper¬ 
ation  through  the  Mach  number  range  from  0.  55  to  1.  60  with  minimum 
wall  interference.  A  more  complete  description  of  the  tunnel  can  be 
found  in  Ref.  1. 

Details  of  the  perforated  walls  and  the  location  of  the  floor-mounted 
model  in  the  test  section  are  shown  in  Fig.  1.  Photographs  of  the  pres¬ 
sure  and  flutter  models  installed  are  presented  in  Figs.  2  and  3,  respec¬ 
tively. 


2.2  TEST  ARTICLE 

Both  the  pressure  and  flutter  panels  were  tested  using  the  same 
mounting  fixture,  a  detail  drawing  of  which  is  shown  in  Fig.  4.  This 
mounting  fixture  was  composed  of  four  basic  sections:  the  8-deg  leading- 
edge  ramp,  the  two  side-support  struts,  a  center  section  containing  a 
cavity,  and  a  base  section.  The  leading-edge  ramp  was  designed  to 
produce,  as  nearly  as  possible,  uniform  flow  over  the  fixture  and  test 
panels  and  to  divert  the  test  section's  boundary  layer  into  the  opening  in 
the  tunnel  floor  below  the  fixture  (Fig.  3). 
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The  function  of  the  side-support  struts  and  the  center  section  was 
to  support  either  the  rigid  pressure  or  flexible  flutter  panels.  The 
center  section  was  constructed  as  a  pressure  vessel  in  order  to  main¬ 
tain  a  positive  pressure  differential  across  the  panels  during  the  flutter 
phase.  The  base  section  was  composed  of  a  boattail  fairing  as  shown 
in  Fig.  4  which  was  designed  to  reduce  the  strength  of  the  wake.  This 
boattail  fairing  was  not  available  for  the  pressure  phase  but  was  utilized 
during  the  flutter  phase  of  the  test. 

Details  of  the  rigid  test  panel  (pressure  panel)  and  the  flutter  panel 
are  presented  in  Fig.  5.  The  pressure  panel  was  constructed  from 
0.  125-in.  4130  steel  with  three  rows  of  static-pressure  orifices  equi¬ 
distant  from  the  external  stiffeners  which  are  shown  in  Fig,  5a.  The 
boundary-layer  rake  shown  in  Fig.  6  was  placed  at  three  different  posi¬ 
tions  on  the  rigid  panel  during  the  pressure  phase. 

Details  of  the  flutter  panel  are  presented  in  Fig.  5b.  A  30-deg  seg¬ 
ment  of  the  forward  portion  of  the  S-IVB  stage  was  modified  to  incorporate 
a  steel  bulkhead  at  each  end.  Eight  remotely  controlled  hydraulic  jacks 
were  placed  at  each  end  of  the  array  of  panels  and  connected  to  the  steel 
bulkheads  to  apply  the  axial-compressive  loads.  The  jacks  were  attached 
to  a  manifold  line  at  either  end  of  the  segment  of  panels  in  order  to 
equalize  the  pressure  in  all  jacks.  The  amount  of  axial-compressive 
load  applied  to  the  array  of  panels  was  varied  from  0  to  40,  000  lb. 

A  sponge  rubber  seal  was  placed  along  the  bottom  of  each  of  the  two 
end  bulkheads  and  along  the  side  frames  to  maintain  a  pressure  seal 
around  the  array  of  flexible  panels.  An  automatic  regulator  valve  was 
connected  to  a  1/2-in.  nitrogen  line  in  order  to  control  the  pressure  in 
the  cavity  below  the  flutter  panels. 

The  array  of  panels  was  divided  into  five  bays  with  seven  panels 
per  bay  as  shown  in  Fig.  5b.  All  panels  were  constructed  from 
0.  035-in.  -thick  7076-T6  aluminum  skin  and  were  riveted  to  internal 
ring  stiffeners  and  externally  mounted  hat  sections  for  longitudinal 
stiffness. 

Figure  7  is  a  photograph  of  the  flexible  array  of  panels  showing  the 
static  buckling  (wind -off  condition)  in  panels  207,  208,  210,  and  211 
when  the  axial-compressive  load  was  approximately  40,  000  lb. 
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2.3  INSTRUMENTATION 
2.3.1  Pressure  Phase 


Forty-three  static  pressure  orifices  were  uniformly  distributed 
along  three  rays  on  the  panel,  and  nine  microphones  were  located  else¬ 
where  on  the  panel  as  shown  in  Fig.  5a.  All  of  the  pressure  orifices 
were  connected  to  pressure  transducers  which  were  located  in  the  tunnel 
plenum  chamber.  All  transducer  outputs  were  fed  into  analog -to -digital 
converters  and  then  to  a  digital  computer. 

One  boundary-layer  rake  was  used  to  measure  the  boundary- layer 
thickness  at  three  locations  on  the  pressure  panel.  The  26  total-pressure 
lines  on  the  rake  were  connected  to  similar  transducers  whose  outputs 
were  introduced  into  the  computer  in  the  same  manner  as  the  static- 
pressure  outputs  from  the  panel. 

2.3.2  Flutter  Phase 

The  35  flexible  flutter  panels  were  instrumented  with  thirty-one 
120-ohm  strain-gage  bridges,  eight  accelerometers,  and  five  micro¬ 
phones  as  shown  in  Fig.  5b.  Four  of  the  microphones  were  mounted 
flush  with  the  surface  and  the  fifth  one  was  attached  to  the  floor  of  the 
pressure  cavity.  The  rigid  access  panel  just  forward  of  the  flutter  panels 
in  Fig.  5b  was  instrumented  witn  a  static-pressure  orifice,  an  accelerom¬ 
eter,  and  a  microphone. 

The  signals  from  the  strain  gages,  microphones,  and  accelerometers 
were  amplified  and  fed  into  two  magnetic  tape  recorders  and  an  oscillo¬ 
graph  with  a  quick  processing  magazine.  The  information  obtained  from 
the  tape  recorders  and  oscillograph  consisted  of  panel  frequencies,  noise 
levels  in  the  boundary-layer  and  pressure  cavity,  and  acceleration  levels 
of  the  structure  in  the  vicinity  of  the  microphones. 

A  transducer  was  connected  between  the  P47  orifice  (Fig.  5b)  on  the 
rigid  access  panel  and  the  panel  cavity  pressure.  The  transducer's  out¬ 
put  was  fed  into  an  on-line  recorder  and  the  automatic  regulator  valve. 
This  allowed  continuous  monitoring  and  control  of  the  pressure  differen¬ 
tial  across  the  flutter  panel, 

-A  schematic  of  the  instrumentation  layout  for  the  flutter  phase  is 
presented  in  Fig.  8. 
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SECTION  III 
TEST  PROCEDURES 


3.1  PRESSURE  PHASE 

Static-pressure  distributions  and  boundarv -layer  profiles  were  ob¬ 
tained  at  Mach  numbers  from  1.  10  to  1.  35  for  Reynolds  numbers  of 
approximately  1.63  x  106  to  3.50  x  10^/ft  < I  ig.  9),  Data  were  obtained 
with  the  boundary -layer  rake  mounted  in  the  forwar'',  render,  and  aft 
positions  on  the  pressure  panel  (Fig.  5a). 


3.2  FLUTTER  PHASE 

The  Mach  numbers  were  established  at  1.  10,  1.  20,  1.  30,  and  1.  40 
at  low  dynamic  pressures.  The  dynamic  pressure  was  slowly  increased, 
while  maintaining  a  constant  Mach  number,  until  either  the  maximum 
value  or  a  designated  limit  was  reached.  The  pressure  differential  (Apc) 
across  the  panels  was  maintained  at  1.  0,  0.5,  and  0.  3  psi  with  and  with¬ 
out  axial-compressive  loads  applied  to  the  array  of  panels  during  the 
flutter  investigation. 

The  flutter  boundaries  were  defined  for  0.  5-  and  0.  3-psi  pressure 
differentials  across  the  panels  by  increasing  the  axial-compressive  load¬ 
ing  for  different  levels  of  dynamic  pressure  while  maintaining  a  constant 
Mach  number. 


3.3  PRECISION  OF  MEASUREMENTS 


The  magnitude  of  the  uncertainties  involved  in  the  tunnel  conditions 
is  estimated  to  be  as  follows: 


Mach  number 
Total  pressure 
Dynamic  pressure 
Total  temperature 


±0.  005 
±5  psf 

±0.  5  percent 
±5°F 


The  magnitude  of  the  uncertainties  in  panel  frequency  measurements 
as  recorded  on  oscillograph  records  is  estimated  to  be  10  percent. 


4 


AEDC-T  R-67-9 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  PRESSURE  PHASE 

Bound  ary -layer  profiles  {Fig.  10)  were  measured  at  forward,  center, 
and  aft  rake  locations  on  the  rigid  pressure  panel  at  Mach  numbers  from 
1.  10  to  1.  35  for  two  Reynolds  number  levels. 

Boundary -layer  characteristics  were  computed  from  the  profile  data 
for  both  Reynolds  number  levels  and  are  presented  in  Fig,  11.  The 
boundary -layer  height,  displacement,  and  momentum  thicknesses  in¬ 
creased  with  downstream  distance  from  the  panel's  leading  edge.  The 
displacement  thickness  varied  from  an  average  value  of  0.  65  in.  at 
x/Li  =  0.  0387  to  1.  32  in,  at  x/L  =  0.  9358  as  shown  in  Fig.  lib. 

The  variation  in  pressure  coefficient  (Cp)  with  x/L  at  Mach  numbers 
from  1.  10  to  1.  35  is  presented  in  Fig.  12.  A  reasonably  uniform  distri¬ 
bution  is  evident  up  to  x/L  =  0.  80  at  Mffi  =  1.  10  and  x/L  =  0.  85  at 

=  1.  20  to  1.  35.  The  positive  increase  in  Cp  at  higher  x/L  values 
indicates  the  presence  of  a  shock  wave  with  flow  separation  just  ahead 
of  the  external  ring  frame  at  the  trailing  edge  of  the  pressure  panel. 


4.2  FLUTTER  PHASE 

The  array  of  0.  035 -in.  aluminum  panels  was  tested  at  Mach  num¬ 
bers  from  1.  10  to  1.  40  for  various  combinations  of  panel  differential 
pressure  and  axial-compressive  panel  loads.  A  summary  of  the  test 
results  at  the  flutter  boundary  is  presented  in  Table  I  for  each  Mach 
number. 

Figure  13  presents  the  maximum  dynamic  pressure  obtained  at  each 
test  Mach  number  for  the  various  panel  differential  pressures  with 
axially  unloaded  panels  (Pfj  =  0).  Flutter  was  not  encountered  on  any  of 
the  panels  in  the  array  for  Pjj  =  0  at  the  conditions  presented  in  Fig.  13. 

Flutter  boundaries  in  terms  of  free -stream  dynamic  pressure  for 
panels  in  the  first  and  second  bays  are  presented  in  Fig.  14  for  a  range 
of  panel  axial-compressive  loads  at  Apc  =  0.  5  and  0.  3  psi.  As  axial- 
compressive  load  was  increased,  the  dynamic  pressure  required  to 
initiate  flutter  of  panels  in  the  first  bay  decreased  until  a  minimum  point 
was  reached  at  approximately  twice  the  value  of  the  wind-off  static 
buckling  value  {Peri)*  An  apparent  suppression  of  buckling  in  the 


5 


AEDC-T  R  *  6  7  -  9 


presence  of  supersonic  flow  has  been  verified  theoretically  for  flat  panels 
in  Ref.  2.  It  is  believed  that  the  occurrence  of  a  minimum  in  the  flutter 
boundary  at  twice  the  critical  buckling  load  is  an  experimental  verifica¬ 
tion  of  this  suppression. 

The  effect  of  increasing  Mach  number  from  1.  20  to  1.  40  is  shown  in 
Fig.  14  to  reduce  the  minimum  dynamic  pressure  and  axial-compressive 
load  at  which  flutter  begins  in  the  first  bay. 

Panels  201  and  202  (Fig.  5b)  were  the  first  to  develop  flutter  in  the 
first  bay  and  likewise  panels  204  and  205  in  the  second  bay.  High-speed 
motion  pictures  indicated  a  traveling  wave  mode  of  flutter  existed  and 
that  panel  cascading  (Ref.  3)  occurred  since  all  panels  in  eacn  bay 
fluttered  after  one  panel  in  that  bay  began' to  flutter.  In  all  cases  the 
amplitude  of  the  panel  flutter  varied  directly  with  the  applied  compres¬ 
sive  load  and  did  not  yield  any  structural  divergence.  Moreover,  no 
evidence  of  panel  fatigue  cracks  or  rivet  failures  was  found  during  or 
after  the  test.  Figure  15  presents  a  typical  oscillograph  trace  showing 
flutter  on  the  panels  in  bays  one  and  two  with  an  axial-compressive  load 
of  35,  000  lb. 

Figure  16  shows  the  variation  of  the  flutter  parameter  (F)  with  the 
ratio  of  axial -compressive  load  to  buckling  load  at  =  1.  40  for  panels 
in  the  first  bay  with  differential  pressures  of  0.  5  and  0.  3  psi.  Reducing 
the  panel  differential  pressure  reduced  the  dynamic  pressure  at  flutter 
for  a  constant  Mach  number  and  buckling  load  ratio.  Increasing  the 
buckling  load  ratio  is  destabilizing  up  to  a  value  of  approximately  two  at 
which  point  the  panels  become  more  stable  with  increased  PH/Pcri 
values.  The  values  of  F  compare  favorably  with  those  in  Ref.  3,  which 
were  obtained  on  a  similar  segment  of  panels  with  external  "hat-sections" 
and  internal  ring  frames. 


SECTION  V 
CONCLUSIONS 


The  following  conclusions  were  derived  from  this  test: 

1.  The  array  of  panels  was  flutter  free  for  the  test  dynamic  pres¬ 
sures  and  Mach  numbers  with  no  applied  axial-compressive  load 
in  the  panels  for  pressure  differentials  of  1.  0,  0.5,  and  0.  3  psi. 

2.  A  traveling  wave  mode  of  flutter  occurred  on  all  panels  in  the 
first  and  second  bays  with  axial-compressive  loads  applied  as 
the  result  of  panel  buckling  at  reduced  cavity  pressure  at 
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=  1.  20,  1.  30,  and  1.  40.  The  flutter  mode  was  amplitude 
limited  which  resulted  in  no  structural  failures  or  fatigue 
cracks  appearing  in  the  array  of  panels. 

3.  Increasing  the  axial-compressive  load  to  approximately  twice 
the  panel  static  buckling  value  reduced  the  minimum  dynamic 
pressure  at  which  flutter  occurred  at  Mach  numbers  of 

1.  20,  1.  30,  and  1.  40. 

4.  Decreasing  the  pressure  differential  across  the  panels  reduced 
the  minimum  dynamic  pressure  at  which  flutter  occurred. 
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Fig.  1  Schematic  of  Tunnel  16T  Test  Section  Showing  Model  Location 
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Fig.  2  Photograph  of  Pressure  Model  Installed  in  Tunnel  16T,  Boundary-Layer  Rake  in  Forward  Position 
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Fig.  7  Static  Buckling  of  Flutter  Panel 
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Fig.  13  Variation  of  Maximum  Dynamic  Pressure  with  Mach  Number  for  Flutter  Phase 
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